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ABSTRACT  This  article  summarizes  the  development  of 
background  limited  infrared  detection  systems  outside  China, 
describing  a  number  of  infrared  space  detection  systems.  It 
primarily  introduces  long  wave  infrared  focal  plane  array 
technologies .  Finally,  it  putt  forward  our  proposals. 
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I .  INTRODUCTION 


In  the  vast  spaces  of  the  earth's  outer  atmosphere,  there 
are  several  thousand  military  satellites  silently  carrying  out 
such  work  as  reconnaissance,  communications,  navigation,  map 
makinq,  and  so  on.  In  the  not  distant  future,  outer  space  will 
see  the  appearance  of  space  based  kinetic  energy  weapons,  space 
based  laser  weapons,  and  other  strategic  weapons.  Moreover,  the 
military  activities  of  mankind  will  also  break  through  the  range 
nf  the  atmosphere.  Future  wars  will  unfold  m  outer  space  and 
deep  space?  The  weapons  of  space  warfare  include  kinetic  energy 
weapons  directed  energy  weapons,  and  strategic  ballistic 
missiles  The  targets  of  space  warfare  include  various  types  of 
military  satellites,  space  Weapons  platforms,  and  strategic 

“ £  M  ? fES  d^r^™  SWHt  in 

*123  S';  SSiS  1? 

fi?st  Sieves  the  initiative.  Moreover,  the  key  to  siezing  the 
initiative  lies  in  detection  systems.  At  the  present  time, 
iStside  of  China,  use  is  made  for  the  most  part  of  background 
limited  infrared  detection  systems  in  space.  This  article 
summarizes  the  development  of  background  limited  mfrar 
detection6 systems  outSide  China.  -As  examples,  it  raises 
developmentycases  associated  “itt.f-eig^space  -flared^ 

key  technologies  associated  with  background  limited 
KtertiCn.  Finally,  it  puts  forward  our  recommendations. 

II.  SPACE  INFRARED  DETECTION  SYSTEM  DEVELOPMENT  [1-6] 

_  r  ~ chnf t les  and  space  stations  as  well 

as  theh?a^nC“3pmentPof  astronavigational  technology  laid-- 

fir-st  of  all,  for  such  nations  as  the  U.S.  ana  tne  bovxe  , 

Li. 

mlllt^ytCr“5?r?dhe  U.S.  started  antisatellite  research  and^ 
development  work.  In  1977,  “plementation^was^  egun^o  from  p_15 
MHV  antisatellite  project.  T1>  ?  to  intercept  satellites 

^er  ?h«ra?CkiCitipnnLgy  kill  and  damag* ^-ices  which^ 

StHo? of  £c  ciihder  is  eguip  d  with  Beared  telescopes. 
Tote™  are  f licet  focal  plane  of  8  telescopes.  Right 
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behind  are  microprocessors  and  laser  gyroscopes.  Outside  the 

cylinder  are  installed  56  small  cylinder  shaped  solid  hydrazine 

pulse  motors.  After  MHV  separate  from  carrier  rockets,  they 

rotate  at  a  speed  of  20  turns  a  minute.  8  infrared  telescopes 

are  capable — against  the  background  of  extremely  low  temperature 

space— of  gathering  the  infrared  radiation  of  targets  into  long 

wave  infrared  detection  devices.  As  a  result,  line  of  sight 

information  supplied  with  regard  to  targets  and  interception 

devices— through  laser  gyroscope  supplied  inertial  datums  and 

microprocessor  calculations— send  out  guidance  commands  to 

control  the  timely  firing  of  56  solid  pulse  motors  to  produce 

thrusts  in  order  to  collide  with  targets  at  relative  velocities 

exceedina  10km  a  second «  . 

exceeaing^ain  of  antisatellite  development  in  the  former 

qnviet  Union  is  using  satellites  to  counter  satellites.  < 
Beginning  in  1968,  the  Soviet  Union  utilized  "Cosmos"  lon 

satellites  to  enter  into  orbits  relatively  close  to  target 
satellites.  After  that,  maneuvers  were  carried  out  to  change 
orbit  After  it  approaches  the  target  satellite,  the  terminal 

cm i dance  svstem  of  the  "Cosmos"  satellite  locks  on  to  the  target, 
guidan  y  .  ,  ,  ,  •  ^ finite  is  guided,  tracking  and 

m  conjunction  with  this,  the  satellite  is  g  ^ 

Tests  after  1976  opt  *«  th. 

USe  0|htnuTita?“i?s1p?o1jfcr(SDI)  his"  a  target  surveillance, 
acquistion,  tracing  and  ty^f “‘t-dio 

“Srum  detcSioS  Imagery  identification  and  related  optical 

H  sr- 

1  4-  •  n-f  tra-iprtories  In  conjunction  with  this,  target 

section  of  trajectories  .  -L  based  interception  systems, 

information  is  transmuted  to^pace^ase^  ^  The 

causing  them  to  ca  y  involved  in  them  include  telescopes, 

technologies  and  equipmen  arravs  cooling  devices, 

^ri^ea;et4-K4-?PriSoaL??of  iseioSr  and  action  range  is 

"“““^'recent  years  the  UeSd--in  oonsiderations°frauchtareaS  as 

expense  and; sat ety  has  a ir  y  detection  satellite. 

“  i:ir;^i^ris?rsTS 

Sf-  F  er  buJes  rerspaSeba^ede?LSon^^e  l^e 

devices "such  as  long  wave  infrared,  ultra  long  wave  infrared, 
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medium  wave  infrared,  short  wave  infrared,  visible  light, 
ultraviolet  ray,  and  so  on.  According  to  designs  at  the  present 
time,  use  will  be  made  of  coaxial  long ■wave/ultra  long f  wave 
telescopes  as  well  as  visible  light/medium  infrared  off  axis 
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Fig.!  u.S.  F-15-MHV  Guidance  Head  structural  Diagram 

^  .  /  o  \  t  sssr  Gyroscope 

"KS  Jet  Port  (5)  3e  scud  pulae 

Motors 

Sagfele-nts  cooling^low  te,peratu  than  current 

tecinologlcfl. levels  developed  by  the  tJ.S.  Lockheed^ieBlle^ 

The  HOE  inter  cep  ^  with  a  Minuteman  nussil  t  a  relative 
and  space  company  collidea  .fic  on  10  June  1984  at  a  r 

altitude  of  32°^%°  second.  This  was ^nta^ballistic  missile 
Vel?d1tL?  the  SShSad  of  an  conlsion  method. 

rafbeefUercepted  g  “e  “  infrared  silicon 

hoe  interceptors  opt  for  tne 
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adulterated  detector  arrays.  They  operate  in  the  two  wave  bands 
of  8  ■  14  Am  and  16  ■  20  Aim  and  are  liquid  nitrogen  cooled.  The 
interception  system  outside  the  atmosphere  (ERIS)  is  a  urt 
improvement  and  development  of  HOE  interceptors.  .The?  ^sed 

for  intercepts  in  the  middle  section  of  trajectories  in  order  to 
facilitate  the  destruction  of  attacking  missiles  before  they  have 
entered  the  atmosphere.  ERIS  opts  for  the  use  of  tellurium 

cadmium  mercury  detectors.  It  operates  at  ti®nPsilicon  7462 
liquid  nitrogen  and  can  be  coo  ed  more  easrly  than  srlrcon  /J*^ 

ShSIKif  f 5““ 

technologies  as  multipl  P  jfl  between  decoys  and  warheads, 

matching,  it  distinguishes  very  W®1X  .  £e al  and  false 

In  warheads,  there  is  a  thre  9  other.  On  the  missiles, 

targets  are  a  certain  distance  axis  type  optical  image 

long  wave  infrared  homing  de^cesc^u?^saoi  themissile  compare 
telescopes  take  target  imagery.  threat  diagrams,  searching 

the  target  imagery  obtained  and  target  tnr  *ti  the 

out  the  real  warhead  targets  I^thetest^^q  ^  ^  secQnd 

target  and  decoy  position  1991  there  was  failure 

ERIS  intercept  flight  test nations.  Y0n  13'March  1992,  during  ERIS 
because  of  telemetry  ma  tests”  they  were  carried  out  in  a 

suborbital  flight  in  ere  p  ' ^  balloon  was  not  known 

situation  where  the  Ration  °f  *  Sf“he  release  of  the  balloon 
before  hand.  _  Due  to  the  interceptor  missile  deviating 

decoy  being  m  error,  it  led  2  a  3  m.  It  did  not  hit  the 

from  the  simulated  nuclear  warhead  2  «  l™’ tests  clearly 
target.  Even  though  it  ™^|ed^th^t^_g^  missiles  are  capable  of 
indicate,  however,  tha  decoys.  PIn  conjunction  with  this, 

targets . 
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j  qtructural  Diagram  of  Brilliant  Eye  (BE) 
Fig. 2  External  Form  and  Structural  y 

Satellite 

Key:  (1)  Wave  I”f: ^tha^Ca^l  JrtfisMed^ir'taser 

Axial  Telescope  (2)  ^ver  (4)  Visible  Light  and  Medium 

npam  Amplifier  and  Aiming  Device  v*/ 

Infrared  Off  Axis  Type  Telescope 


j  Hpstrov  hostile  military 

On  space  battlefields,  it  ° niatforms,  laser  weapon  combat 
satellites ,  space  based  ^‘^issiles,  and  so  on 

mirrors,  as  well  as  nitoring,  acquistion,  and  tracking 

there  is  a  need  for  ^  kinetic  energy  weapons  or  ballistic 
systems o  Use  is  made  o  when  they  arrive  at 

missiles  to  act  ®s  aV®c  it'is  necessary  to  opt  for  the  use 

predesignated  points  in  space,  toloaies,  guaranteeing  guidance 
of  homing  termina  gui ruction  of  targets.  Although  radars, 
?Ce^fvi“bleh?ight  detection  systems  -  . 

detection^systems^however ,  wilich  have  been  used  by  people  m  the 
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(military  for  long  periods,  are  the  most  mature.  In  space 
applications,  infrared  detection  systems  not  only  possess  good 
passive  detection  concealment  characteristics  as  well  as  such 
advantages  as  high  resolution  and  easy  minaturization,  but,  in 
states  of  ultra  high  vaccuum,  they  are  capable  of  all  weather 
operation.  In  particular,  background  temperatures  associated 
with  space  are  very  low.  It  is  possible  to  make  use  of  infrared 
detection  devices  associated  with  background  limited  performance 
to  carry  out  detection  against  long  range  space  targets . 

Military  satellite  orbit  altitudes  are  generally  300  ■ 
1000km.  The  altitudes  of  orbits  associated  with  space  based 
weapons  platforms  and  laser  weapon  combat  mirrors  are  800  ■ 
1000km.  On  the  basis  of  a  number  of  empirically  measured  data 
and  roughly  calculated  estimates,  the  range  of  temperature 
chancres  associated  with  them  is  an  approximate  high  of  360k  and 
an  approximate  low  of  145k.  The  temperatures  associated  with 
strategic  ballistic  missiles  located  in  the  middle  section  of 
trajectories  also  do  not  go  out  of  this  range.  Taking  these 
targets  and  looking  at  them  as  gray  bodies,  by  the  Wien 
disnlacement  law,  it  is  possible  to  estimate  that  what  they 
sendinSou?  is  long  wave  infrared  radiation  with  a  wave  length  of 
8  ■  209nm  Therefore,  it  is  necessary  to  make  use  of  long  wave 
infrared  detection  devices.  Only  then  is  it  possible  to  detect 

space  targets.  guidance  takes  targets  and  turns  them 

into  a  point  source,  opting  for  the  use  of  single  variable 
infrared  detection  devices  making- use  of  radiated  tempera  ure 
SffSncef between  targets  and  background  in  order  to  acquire 
,  i-r-arnir  farnftts  This  type  of  guidance  technology  is  already 
w?deiv  Ssed  in  afr  to  air  Sssile!  and  ground  to  air  missiles 
infrared  imaqery  guidance  is  capable  of  being  divided  into  two 
^tlcoSes  one  ?£pn  in  multiple  unit  infrared  detection  device 
linear  array  scanning  imagery  guidance.  It  uses  a  rotating  di 

:nrT  ripvice  to  carry  out  grating  scan  imaging  for  target 

Diane  array  imagery  guidance.  This  takes  infrared  detection 

n4^  Is  rdi?°!f^s^eirse?^diier:eth^s^js^cr 

imagery  guidance  ^  are  wider. 

Counter  jamming  per f orman  b  tt  .  the  MAVERICK  AGM- 


U.S.  military  not  only  thinks  of  using  FPA  imagery  guidance  in 
antitank  systems,  fighter  aircraft,  and  armed  helicopters.  They 
also  will  use  it  in  space  based  defense  systems. 

The  U.S.  ground  surveillance  and  tracking  system  (GSTS)  is 
one  type  of  long  wave  infrared  (LWIR)  surveillance  detection 
device.  It  is  one  part  of  the  strategic  defense  system  (SDS). 
GSTS  is  composed  of  detection  devices,  common  use  processors, 
guidance  and  detection  subsystems,  as  well  as  communications 
subsystems.  In  it,  detection  devices  are  composed  of  telescopes. 
Telescopes  take  incoming  electromagnetic  radiation  and  focus  it 
on  a  focal  plane.  Moreover,  the  focal  plane  is  composed  of 
several  thousand  individual  detection  elements.  Detection 
elements  (long  wave  infrared)  take  electrical  signals  and  convert 
them  into  forms  associated  with  appropriate  common  use 
processors.  Detection  devices-  are  surrounded  by  deep  cooling 
systems  in  order  to  facilitate  maintaining  their  temperatures 
within  required  combat  ranges.  The  functions  of  GSTS  are  search, 
acquisition,  tracking,  and  target  identification. .  In  conjunction 
with  this,  data  on  detected  attacking  ballistic  missiles  is 
transmited  to  battle  management,  command,  control,  and 
communications  (BM/C3 )  systems  of  SDS.  It  is  capable  of  tracking 
incoming  missile  warheads  in  the  middle  phase  and  early  final 
phase.  At  the  same  time,  it  is  also  capable  of  distiguishmg 
warheads,  defense  penetration  systems,  and  space  junk. 

From  the  above,  it  can  be  seen  that  space  infrared  systems 
opting  for  the  use  of  long  wave  infrared  focal  plane  array 
imagery  guidance  heads  is  appropriate. 

III.  BACKGROUND  LIMITED  INFRARED  DETECTION  AND  RELATED 
TECHNOLOGIES  [7b12] 

Infrared  detection  devices  are  instruments  that  take 
incident  infrared  radiation  signals  and  convert  them  into 
electrical  signal  outputs.  They  are  detection  components  of 
infrared  focal  plane  arrays.  When  targets  are  detected  m  space, 
due  to  the  fact  that  they  are  located  in  an  ultra  high  vaccuum, 
problems  with  atmospheric  absorption  do  not  exist.  However,  as 
far  as  solar  irradiation  is  concerned,  reflected  radiation  from 
the  earth  and  other  celestial  bodies  make  space  possess  a  certain 
ambient  temperature.  Added  to  the  inf luences  of  various  types  of 
electromagnetic  radiation  and  particle  radiation,  targe  s  ^re  pu 
in  the  middle  of  a  strong  radiation  background.  Background 
radiation  and  signal  radiation  enter  detection  devices  at  the 
same  time.  Moreover,  general  background  radiation  is  much 
stronger  than  signal  radiation.  It  is  then  necessary  to  detect 
weak  targets  in  strong  backgrounds.  Option  is  made  for  the  use 
of  a  number  of  technologies  capable  of  taking  mean  values  for. 
background  radiation  and  filtering  them  out..  However,  there  is 
still  no  way  to  eliminate  the  ups  and  downs  m  the  mean  values  of 
background  radiation  photon  densities.  After  backgroun 
radiation  fluctuations  enter  detection  devices ,  they  form 
background  radiation  fluctuation  noise.  Detection  devices  m 
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and  of  themselves -"“have  various  kinds  of  noise.  It  is  necessary 
to  think  of  ways  to  lower  noise  associated  with  detection  devices 
themselves,  making  detection  device  detection  limits  finally  be 
set  by  background  radiation  fluctuation  noise.  When  background 
fluctuation  noise  is  just  equal  to  signal,  it  then  reaches 
background  radiation  fluctuation  noise  limits.  At  this  time,  the 
detection  rates  detection  devices  possess  are  designated 
background  radiation  limit  detection  rates.  _ 

The  sources  of  noise  in  infrared  detection  systems  have 
three  parts — photon  noise  given  rise  to  by  signal  and  background 
radiation,  noise  produced  by  detection  devices  themselves,  and 
noise  in  electric  circuits  after  detection  devices.  Due  to 
randomness  reached  by  radiation  quanta,  it  goes  without  saying 
that  signal  or  background  radiation  both  have  rising  and  falling 
roise  9With  regard  to  background  radiation  limited  detection 
d^icis,  if  background  photon  flux  is  reduced,  detection  rates 
will  increase.  The  specific  method  of  doing  this  is  to  opt  f 

the  use  of  cooling  aperture^imitations 

aperture  angles,  or  th  1 6  t  inhibiting  as  much  as 

photon  flux  when  target  signal  n-isrot 
minimized.  Noise  associated  df“ction  production 

includes  thermal  a^  well  as 

noise,  1/f  n?ise'  ^  P  nn  Thermal  noise  is  given  rise  to  by 

™£“aroy!ng  secondary' theroal  "-ements .^Temperature 

fluctuation  noise  is  given  ri  detection  devices  to  operate 

temperature  fluctuations  of  ™Ke  can  be  reduced, 

at  low  temperatures,  these  ^w° 5*  !he  noncontinuous  nature  of 
Schottky  noise  16  Throuqh  limiting  aperture  angles  or 

photoelectron  devices  it is possible  to  reduce  this 

installing  light  filter  d  ,  noise  are  very  great  at  low 

type  of  noise  J-na  detecSion  system  operating  frequencies 
frequencies.  Making  aerecuiou  i  reduce  this  type  of  noise. 

greater  than  1000Hz,  it  is  po  ttf  be  vibration  and  pulses.  Making 
Vibration  noise  is  ^vf?^fjAstAciures  compact,  it  is 
detection  device  leJd  Aind  noise.  Production  of  a  composite 
possible  to  f?uctUations  associated  with  current 

noise  is  given  rise  tot,y  .  H  romDiexinq.  Through  improving 

carrying  secondary  Pr°du=^°"L?“L  •  °aP  rising  technical  /464 

semiconductor  material  characteristics^ 

working  quality,  and  1  .  .  y  reduce  this  kind  of  noise, 

temperatures,  it  is  possi  infrared  detection  devices 

Outside  of  China,  ^ri°ns  ^ached  background  radiation  limits. 

have  already  approached  or  reached  oa  9  or  addi„g 

Through  such  measures  as  limiting  aper tur  detection 

optical  filter  devices;  1^  P  .  circuits  after 

efficiencies  further.  AAAetection  are  similar.  Opting  for 
detection  devices  and  nois  d  ^  conjunction  with 

the  use  of  low  noise  Prj™Pl^s  f  ^ 

that,  operating  at  low  temperatures,  in  is  p 

this  problem. 
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Detection  device  background  radiation  limited  detection 

long  range  detection  of  SP?C?. detection  systems  outside  China 
present  time,  background  limited  flection ^ystems 

all  opt  for  the  use  of  “f^rSy  Se?ecSon  Elements  are  long 

array  technology.  Focal  Pi  limited  detection  devices, 

wave  infrared  background  radiation^lim  circuits  are  also 
Besides  that,  relevant  signal  p  ^  g  foCal  plane  array 

included.  Although,  Jt  the  presen  £  ig  al?eady  a  gradual 

ct-r-nctures  have  many  kinds  or  iorm  > 
application  of  optimum  Z  plane  technol  gy. 


Key  (1)  Main  Performance  ^ss°^3®teoperatingf 

Devices  (2)  Amount  °f  5®f|J2er  Imputed  to  Motor  (5)  Piston 
Temperature  (4)  Electro.  iated  with  Cooling  to  65K  with 

??emptr«u°reia(!)  Operating  Time  Period 

Associated’with^Reaching  fiinimum  Temperature 

In  order  to  reduce  various  ^“^jT^Jo^iiSited  detection 
background  radiation  in  bac  |roun  ^iane  arrayS/  including  in  them 

systems,  long  wave  mf  nreamplif iers ,  and  so  on,  as  well 

such  circuits  as  low  noi~  P  P  ■  ^ow  temperatures.  There 
optical  subsystems  must  al  P  liquid  helium  or  liquid  nitrogen 
is  a  need  to  opt  for  the  us  ^.-making  use  of  Joule- 

T^fricreration  devices.  Fcpr  P  devices  or  Sitelm  (phonetic) 

Tangmulin  (phonetic)  r®^1yg'rpOSSible  in  all  cases  to  cool  below 
refrigeration  devices-  it  P  rmrefriaeration  devices  have 

80K.  in  these,  waled  cycle  mi  tion.  Moreover,  they 

already  developed  m  to  the  rni  y 
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have  already  developed  from  an  integrated  type  structure  to  a 
dispersed  type  structure,  that  is,  taking  infrared  detection 
device  refrigeration  fingers  and  accompanying  compressor 
vibrations  and  separating  them.  Through  20  years  of  efforts,  the 


Latch  Phillips  company  and  the  U.S.  Hughes  company  have 
successfully  developed  Sitelin  (phonetic)  refrigeration  devices 
with  long  life,  low  vibration,  and  electromagnetic . drive .  In 
particular,  it  is  the  electromagnetic  drive  magnetic  suspension 
Sitelin  (phonetic)  refrigeration  devices  developed  by  the 
Phillips  company  which  overcome  the  two  fatal  drawbacks  of 
vibration  and  life  associated  with  the  old  generation  of 
integrated  type  Sitelin  (phonetic)  refrigeration  devices,  turning 
them  into  the  refrigeration  devices  with  the  best  prospects  in 
infrared  space  systems.  The  primary  performance  indices  are  seen 
in  Table  1.  Besides  this,  the  U.S.  and  the  U.K.  have  also 
carried  out  far  reaching  research  on  the  use  of  separated 
position  type  Sitelin  (phonetic)  refrigeration  devices  in 
tellurium  cadmium  mercury  infrared  detection  devices  at  77K. 


Fig. 3  U.K.  Developed  Dual  Drive  Sitelin  (phonetic)  Refrigeration 
Device 


Key:  (1)  linear 

Electric  Motor  Unit 


Adjustable  Differential  Transformer 
(3)  Cold  Finger  (4)  Piston  (5) 


Motor  Unit  (6)  Compressor 


(2) 

Electric 
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In  this,  the  U.K.  in  particular  has  ingeniously  developed  dual 
drive  separate  position  type  Sitelin  (phonetic)  ref rigeration/4u 
devices  (see  Fig.3).  The  outside  diameters  of  the  cold  fingers 
of  the  refrigeration  devices  in  question  are  determined  by 
infrared  detection  devices .  The  dimension  is  6.7mm.  It  is 
possible  to  directly  squeeze  it  into  a  glass  Duwa  (phonetic) 
bottle  The  refrigeration  device  operating  life  exceeds  4000h. 

-v  as 

than!  67X10-5  Pa.L/s.  tongpo. 

lZlrslvT.yi  c^ressor  pis- is 

device  stroke  is  only  4mm.  control  circuits  are  concerned — 

52Hz.  As  far  as  position  ser  Qn  signal^  are  sent  out  in 

from  two  displacement  ^sor  p  i  9  compressor  pistons 

4TprecfsionS  can  be  better  ttan  0.^. 

IV.  LONG  WAVE  INFRARED  FOCAL  PLANE  ARRAY  TECHNOLOGY  [13.17] 

Long  wave  infrared  f°c^l  P^ne  ^^gSc^posedAf roJTlong  wave 
parts.  One  part  ^he  rectang  component  detection 

infrared  detection  devices  acting  £cessing  circuits  related 

assemblies.  The  other  P|^ ^J^the  point  of  view  of  structure, 
to  detection  elemen  •  section  and  mixed.  Single  section 

there  are  two  types--single  se  £  and  signal  processing 
models  take  infrared  detection  ar  Y  Qf  substrate.  Mixed 

circuits  and  make  them  on  the  |^ntPmaterials  to  respectively 
models  opt  for  the  use  of  and  signal  processing 

manufacture  infrared  detection  Y  connected  together, 

circuits.  After  that,  ttey  are  w  dvanced  method  for 

At  the  present  time, . ^  model  high  precision  focal  plane 

manufacturing  single  sec  ential  barriers.  Infrared 

arrays  is  silicon  Schottky  poten  H_4-pcted  are  determined  by 

radiation  wave _ lengths  whic  ^an  appropriate  metals,  it  is 

potential  barrier  ^espondto  long  wave  infrared 

+-h<=n  oossible  to  make  Si-SBD  responu  =  scale  integrated 

radiation .  Japan;  s  Mitsubishi  company  1-ge^cal^  si 

circuit  research  inst^U^n^unction  with  this,  they  are  already 
focal  plane  arrays.  In  :  u.S.  Lincoln  laboratory 

used  in  satellite  remote  ^Engineering  academy  have  cooperated 

and  the  Marshall  SCEE9R^2 8  element  a?rays .  Cut  off  wave 
in  the  development  of  128x128  *  are  50K.  A  striking 

lengths  reach  10 f0peTa^iane  arrays  is  the  extremely  good 
advantage  of  Si  SBD  °^a  p esDonse.  it  is  capable  of  reaching 
uniformity  of  focal  pla  p.  lowers  system  requirements  to 

S.3%-2%.  This  very,  very  f  focal  plane  elements. 

compensate  for  nonuniform  resp  ^  Qrder  of  magnitude  lower 

A  drawback  is  that  sens  raising  quantum  yields,  it  is 

than  other  detection  devices.  By  raising  ^  In  terms  of 

possible  to  improve  Si-SBD  degrees 
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manufacturing  technology,  option  is  made  for  the  use  of  extremely 
thin  metal  electrode  structures,  taking  metal  films  and  thinning 
them  down  from  80m/m  to  lOm/m.  Again,  coordinating  with  light 
cavity  structures,  it  is  then  possible  to  make  detection  device 
sensitivities  increase  between  ten  and  twenty  fold. 


Response  wave  lengths  for  photoelectric  conductance  of 
various  types  of  silicon  impurities  can  stretch  to  28/m. 

Therefore,  speaking  in  terms  of  principles,  it  is  possible  to  . 
make  single  section  silicon  infrared  focal  plane  arrays  that  is, 
non  characteristic  silicon  focal  plane  arrays.  Acting  as  one 
Dart  of  NASA's  astronavigational  technology  development  plan,  the 
Hughes  company's  Si:  Ca58x62  element  array  optical  response  range 
is  4  ■  18/m.  Operating  temperature  is  8K.  Noise  equivalent 

sss  ^«issno^e.rI»i"^2»2i:sb 

forM 

photovoltaic  effects  associated  with  barrtet  layers  gating 
forward  background  eradiation  typa^barrier^mpurlty^ 

focal  plane  arrays.  This  tYP  Response  characteristics  are 

non  characteristic _ silicon  array  .  a?acteristics  are  better. 

more  uniform.  Anti  gamma  rau  space  technology  center 

The  Rockwell  company  is  what  the  U  S -space  tecnn  ^  50xl0 

element  S "  iTlfrly  &tng  length  is  10.6pm. 

Sperling U  §»•  The  .detection  rate  is 

6 .7xl012cmHzl/2W-l  . 

Although  the  performance  of  "on  ^aracteristic^silicon 
temperatures,  there  is  a  needtop  y  devices.  In 

characteristic  semiconductor  infrared^detection^  restricted 

general,  the  no  way  to  realize  long  wave  responses, 

zones  is  great.  There  is  Y  aracteristic  semiconductors, 

For  example,  among  commonly  used  character  Rt  room 

InSb  restricted  zone  widths  ®  volts  However,  infrared 

temperature,  they  are  °* 18  only  reach  7/m.  Going 

radiation  wave  lengths  they  ^espon  research,  people  /466 

through  a  long  period  of  exP^ation  and  researcn  of  Sgl-xCdxTe 
discovered  that  it  was  possible  to  ^fo^the^.^  devices, 
materials  to  manufacture  1  g  composed  of  mixed  crystals 

Hgl-xCdxTe  ternary  semiconductors  are  com] Change  alone  with  x 

of  HgTe  and  CdTe.  Their  raf ^^^°^ntinSously  from  0  to  1.59 
values.  They  are  capable  of  changing  conrinuo  tQ  25Mm> 

electron  volts.  Long  wave  re^P°^  77K  At  the  present  time, 
operating  temperatures  are  rauiedw,™-  ,Jedded  array 

option  is  made  for  the  _  instrument  company  has 

a!reaSy°SS'  64x64  ““ent'and  64x120  element  long  wave  arrays. 
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The  u.K's  Milliard  Ltd.  and  the  Royal  radar  signal  research  center 
has  already  test  manufactured  32x32  element  and  64x64  element 
long  wave  arrays.  The  64x64  element  long  wave  array  test 
manufactured  by  the  Honeywell  company  for  the  U.S.  "star  wars" 
proiect  will  be  used  in  space  based  interception  systems.  In 
1990 .  i.m.  Baker  and  others  had  already  developed  8  i  12  m  wave 
band  128x128  element  photovoltaic  HgCdTe-Si  mixed  type  focal 
plane^rrays .  Through  making  use  of  such  Wanted  semiconductor 
manufacturing  techniques  as  molecular  beam  extension  (MBE),  it  is 
possible  to  make  the  surface  areas  of  single  section  HgCdTe 
arrays  get  bigger  and  bigger.  The  U.S.  Defense  Department 
Advanced  Research  Planning  Agency  and  the  Strategic  Defense 
Initiative  Office  (SDIO)  view  this  very  seriously,  already 
IniesSig  several  hundred  million  U.S.  dollars  to  use  rn  research 

ESSfe,*sssas- 

arrays _  tnere  axe  ,ff  t  siqnal  processing  circuits  have 

detection  elements.  Different  y  v  cresent  time, 

different  methods  in  jading  signal.  of  reading  methods  below, 
frequent  use  is  made  of  the  four  types  °r  u  the 

(1)  utilization  of  charge  coupling  devices  (CCD) ^  iB 

great  maturity  of  silicon  integrated  circ, hit  tec! hnol  9^.^  ccd 
possible  to  take  silicon  detection  device  art  ^  ^  Qf 

and  make  them  on  one  crystal  sectio.  Opt  g  dlodes,  or  metal- 

Echottky  potential  barrier  diodes,  gotovol^^  ^  ^  possible 

oxide-semiconductor  (M°s>  “evid  <  ion  devices .  CCD  are  one 

for  them  to  act  as  Ph°toei®^ric  conversion^  ^  store  and 
type  of  device  which  us®  ranable  of  taking  photoelectric 

transmit  information.  They  into  electrical  signals  that 

space  changes  and  converting  then  into  ele  ou|  in  order 

change  as  a  t^ns?er  losses.  (2)  Utilization 

and  is  not  random.  There  are  model  arrays,  MOS  devices  not 

of  MOS  devices.  In  single  se  roles  they  also  play  signal 

only  play  photoelectric  conversion  /  ^  ^ixed  model  arrays, 

readout  switch  and  x,y  ^oqr®^ltiple  circuit  conversion  devices  to 
primary  use  is  made  of  «°=r™J“P^yCiddress  searches..  The 
act  as  switches  and  to  carry  devices  are  that  dynamic  ranges 
advantages  of  making  us®  “  and  random  storage  and  access  are 
are  large,  manufacture  is  easy,  an  ,  (3)  utilization 

possible.  ^^tQPl!Semiconductors  (MIS).  Each  image  element 

of  two  metal-rnsulato  structures  to  act  as 

makes  use  of  two  mutually  c  P  and  read  out  devices.  On  the 

photoelectric  conversion,  storag  ,  added,  forming  potential 

grids  of  MIS  devices  Pji8«  Sec?rical  charges.  Signals 

wells  associated  with  the  storag  h  can  also  be 

can  advance  ^«»ctly  fron  th e  back  cover^ processeS/  there 

random.  Due  to  the  la  9  Utilization  of  single  MIS 

are  no  transfer  problems.  (4)  Utriizat  *  element  only 

devices,  as  far  as  arrays  ar^co^  devi^e.  MIS  devices  not  only 

requires  making  “®e  £  r  f unctions ,  they  also  play  signal  read 

?  “SrLg  read  out,  addresses  are  sought  by 
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fnte^ionT^ 

circuits^electrical  charge  capacities  are  very  large. 

_ _ r  -1  O  _  O  A  T 


V.  Z  PLANE  TECHNOLOGY  [18*20] 


What  is  called  Z  plane  technology^rs^nothing^else^than 

SIS.  ?»  ^^“^^f^SgfJnnirgef^raction.  Apparent 
problems— that  is,  dynamic  r  g  with  space  targets  and 

infrared  strength  changes  assoc  ord^rs  Qf  magnitude, 

backgrounds  can  sometime  deviCe  array  signal  processing 

This  then  requires  d?t®ctio  signal  strengthening,  static 

circuits  to  possess  high  9Moreover,  following  _  along 

and  noise  suppression  capability  •  ^  processing  circuits  must 

h?  =  s 

manufacture  Jjree  ^nsion^l  ^lane 

supported  the  Rcokweii  company^rn  aviation  d  astronavrgatron 

“  theTdge^ 3ofSeach  mixed  integrated  crrcurt  Afte^th  ^ 

“asSleSSts  .  and .  adjustments  devices 

integrated  circui  However,  components  making  d  heaVy.  With 

form  a  component.  were  very  cumbersome  and  heavy 

lavers  of  ceramic  substrate  wei  Jot  ideal.  Finally,  the 

^  -r-ri  +- n  missile  systems ,  they  the  use  of  mature 

sS^r-iS 

analog  si.al 
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Fig. 4  Z  Plane  Modules  and  Focal  Plane  Arrays 


Key:  (1)  Back  Surface 

Detection  Device  Array 

(4)  128  Identical  Integrated  Circuits 

Installation  Base  (6) 

Control  Circuit  Plate  (8) 


Wiring  (2)  Lead  In  Plate  (3)  128x128 


(5)  Ceraminc 

Module  After  Installation  (7)  Module 
Focal  Plane  Array  (6x6  Modules) 


processing  channel  for  each  image  element  in  FPA.  The  concrete 
way  of  doing  this  is  to  make  multiple  identical  parallel  signal 
processing  channels  on  a  single  silicon  integrated  circuit  chip. 
Aft -pr  that  take  many  of  the  same  kind  of  single  circuit  chips 
£„d suppose tSe/to  form  a  component.  Then,  take  an  FPA  and 
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connect  it  up  to  the  side  of  this  component,  forming  a  module. 

The  Martin  Marietta  space  flight  group  space  systems  company  also 
opts  for  the  use  of  HYMOSS  technology.  Fig. 4  shows  that  the 
company  in  question  uses  a  128x128  element  detection  device  array 
and  128  section  signal  processing  integrated  circuits  having  128 
identical  channels.  Fig. 5  shows  a  situation  where  each  channel 
includes  transimpedance  amplifiers  (TIA),  adaptive  band  pass ^ 
filters  (ABPF) ,  threshold  comparators  (TC),  integrators  (INT), 
track  and  hold  devices  (T/H),  and  incident  indication  generators 
(EFG) .  Finally,  signals  are  read  out  to  external  module  control 
circuits  (MCE).  A  schematic  for  a  typical  Z  plane  technology  FPA 
and Electronics  manufactured  by  the  Irvine  sensor  company 
TS  seen  in  In  v“io«s  types  of  microassembly  technologies 

•Frvr  military  use,  HYMOSS  techniques  are  already . known  for  seal 

forms  of f' ®apg?rofdbelig^hinned  dowf  “sSpSiSposed 

layer  assembly  forced  tn 

^^e-Ss^oflev^op^r^^aS  element  arrays  to  256,256 
element  arrays^  ^  technology/  the  Irvine  sensor  company 

is  far,  far  in  the  lead,  Rawing  attention^  r°frared  guidance 

Force  Weapons  ^°r^|s(^uies  to  carry  out  dynamic  fixed  view 
heads  equiped  with  HYM°  ,  capable  of  increasing 

tests.  It  was  discovered  ^hey  are^cap^  data  handling 

missile  acquisition  range,  .  and  static  suppression 

capacity,,  have  extremely  ^onvenilnt  for  test 

capabilities,  “tJ^^es  that  this  technology  is  already 
Sre^nfhas  SdeftT^se  it  in  air  to  air  missiles. 

VI.  CONCLUDING  REMARKS  [21,22] 

The  21st  century  is  ,the all' “if' ^ith  Ilch^the?^ 
Technologically  developed  na^°  •  with  each  other  to  become 
develop  space  enterprises,  c  P  rtake  of  the  resources  of  space, 
the  great  powers  of  sPa^e  toPdevelop  space  defense  systems. 

They  will  not  c°d*  ^search  on  offensive  space  weapons. 

Because^of  “round  warf are^ill^xpand^ into  outer  space, 

through^many^ear^of  research  and  comparison,  people  /468 
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,  .  ,  rircuitry  Used  in  Each  Detection 

Fig. 5  Analog  and  Digital  Circuitry 

ChanIiel  a  l  i f ier  (2)  Open— High  Speed 

;a:,  injr ss™s  SSO.K..S" 


(4) 


Analog  Signal 

intergrator  (')  iiU"‘;"T  Reset  (11)  Hignest  Posi 

4  Position  Calculator^ (^)  (13)  Resp0nse  Indication 

Analog 


MairSSIp  Reset  Indicat.on^a^^Response^^  ^ 


Main 


Event 

Line 


indication  (15) 
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believe  that  long  wave  infrared  homing  terminal  guidance 
technology  is  the  foundation  for  space  weapons.  The  key 
components  of  long  wave  infrared  imagery  homing  terminal  guidance 
svstems  are  long  wave  infrared  focal  plane  arrays.  A  number 
great  nations  have  gathered  together  a  large  group  of  outstanding 
scientific  and  technical  talents,  doing  research  °n  and 

developing  infrared  focal  plane  array^e?^°|^'detection  device 
technology  primarily  includes  long  wave  grated  de grtjon  £ 

arrays  -d  fi?nal  processingitechnology.n.InuOrder.onigopt.cai 

structures  and  refrigeration  equipment  must  also ;  “P™™  ^ 

constantly.  There  a  "eed  to  “  I^itiiiSies  of  detection 
distances  m  space  and  deep  ®P.  ^1  0  nothing  else  than  needing 

S  ££  wba^nftaredThdae\eitiaoiSrv°i=es  Valise  Aground 
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-  ,  schematic  for  One  Z  Plane  Technology  FPA  Module  and 

Ci?cuits  Manufactured  by  the  Irvine  Company 

Keys  (i)  Each  Module  Requires  Multiple  Chip  Lead  Line  Plates 

and  128  Individual  Installation  Base  (3)  Back 

Tntecrrated  Circuit  Chips  (2)  in  d  circuit  Chip  Layers 

Surface  Wiring  («>  £1?™% ^tside  Module  (7) 

(5)  inlay  We  Detection^ De  Datum(  (9)  Crossover 

Inside  Module  (8)  Alignme  ital  output  Register  (11) 

Multichannel  Modulator  (  ^  °  ^  (12)  Datum  Signal  (13)  Gain 

l^U16Al{er  ( 19 ,  -a log/Di?i tal  Co„vertorte«  2° )  ^ }  Comon 
Compensation  Control  (21)  outpuu 
Use  Integrated  Circuits 
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radiation  limited  operation.  This  is  the  most  basic  and  also  the 
most  important  operation.  Besides  this,  it  is  necessary  to 
realizePintelligent  tracking.  This  is  the  basic  way  to  raise 
kill  probabilities. 

been  achieved.  Even  more  ^  isthat^  g .  chPexperience  and 

cadre  have  been  developed.  T  treasure.  They  should 

extensive  knowledge.  Jssively  to  research  work  associated 

be  allowed  to  return  assuming  leadership  of  various 

with  space  combat  wf^°JS pledge  and  talent  into  play,  and 

TyoXfeolle,  giving  posterity  to  our 

enterprise^thougk  besides  infrared  sible  light,  laser, 

also  many  types  of  guidance  ancj,  moreover,  composite 

as  well  as  millimeter  wave,  and  so  on  strengths  and  avoiding 
guidance  is  capable  cfP^?tant  direction  of  development--on 

shortcomings,  and  is  situation,  however,  our  department 

the  basis  of  our  natlo^in^atrenqth  and  materiel  to  do  long 
should  concentrate  personn  ,  This  type  of  system  is 

wave  infrared  homing  guidance  systems.^hl^  yp 

capable  of  adapting  to^the  basi  q  x  lay  a  firm  foundation 
warfare.  At  the  same  tune,  it  will  aJa°us/o£  composite  guidance 
for  going  a  step  furth' er  to  Possesses  rich  experience  m 
technologies.  Our  departmen  p  s  associated  with  the 

management  and  Ptactical  actualizatio^^  syst  Th ere  is  an 

development  of  inf rared  termi  ythere  are  very  strong 

enormous  research  contingen  ,  .  .  of  course,  infrared 

development  and  production  capability. is  a  high 

imagery  search,  tracking,  nPWest  modern  optical,  mechanical, 

technology.  It  involves  necessary  to  set  out  from  the 

and  electrical  techniques.  er£ormance,  coordinating  the 

requirements  of  overall  ^®”d  ®ith  various  subsystems,  to  put 
technical  parameters  a?a°d“*“dthat  are  realistically  feasible, 
forward  technical  requi  event  units  domestically. 

With  the  coordination  “e  in  key  problem  areas, 

breakthroughs  will  .  advanced  world  levels . 

catching  up  to  and  1 3UrPa^gtgaive  full  cooperation  to  the  Academy 
3.  our  daPap“^e™nt  research  institutes  of  general 
of  Sciences  and  the  ^el  f  all  overcoming  the  key 

technologiesCassociated£with  long  wave  infrared  doule  plane 
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arrays .  Strength  should  be  concentrated  on  doing  long  wave 
tellurium  cadmium  mercury  background  radiation  limited  detection 
devices.  Being  limited  to  the  semiconductor  industry  level 
currently  existing  in  China,  we  opt  for  the  use  of  detection 
element  embedding  technology  and  Z  plane  technology,  developing 
mixed  model  long  wave  tellurium  cadmium  mercury  infrared  focal 
plane  arrays  as  being  comparatively  appropirate— not  only  easy  to 
realize  but  also  capable  of  matching  up  with  the  requirements  of 

space  homing  terminal  guidance  systems .  _  . 

4  As  far  as  studies  on  long  wave  tellurium  cadmium  mercury 

detection  devices  is  concerned,  it  is  necessary  to  put  work  into 
materials  research.  Due  to  high  mercury  vapor  pressures  and  easy 
cadmium  liquation,  it  is  difficult  to  make  crystals  which  have 
both  uniform  structures  and  photoelectric  characteristics.  There 

l-SiESM  sffl.  - 

*e£^rganic 

SEfEiSiS/SiS  relatively  large  surface  areas  and  uniform 

Pr°Pitie?evelopment  directions  ass0ciatedhwithpspaceewarfara 

weapons  should  require  det  lonaer  operating  wave  lengths, 

larger  focal  plane  arrays ' .  ™esIiM  f Snctions ,  even  higher 

counte^radiation^apabilities^and^  even  lower  P ' 

ssirwiSSdbinrrconductiIls 

^lli^lif  iers^an^high^peed^A/D^convertors^ave^been^made^^At 

the  present  time,  option  ^  4K  with  option  made  for 

Niobium  (Nb).  Operating  temperature  : temperature  is  8K.  We 
the  use  of  niobium  nitrieP  smal^volumes  possessed  by 

should  know  about  advantag  and  superconducting  circuits, 

superconducting  detection  devic  Speeds,  and  the  inherent 

the  extremely  low  Powe^'  ^  making  use  of  China's  dominance 

counter  radiation  capability  ,  ^  develop  work  in  this 

in  the  field  of  superconduction  researcn  to 

area '  6 .  space  warfare  weapons  should  P9f“”  th^t°S 

capabilites  and  a^°”°”°“asC°^at comple^  backgrounds— accurate 
SStSSISSion*  reliable  a^“j|^ion  precise  trackin^an^  ^ 
guidance,  as  well  as  ■ capabilities  to  h«ack_  maneuver  and 
targets  along  with  the  ability  when  nee^  M  missiles 

evade.  This  then  requires  that  c  P  ^earning,  connected  thought, 
possess  capabilities  associa  tQhtarget  changes  and  changes  m 

inference,  as  well  as  adaptation  to^targ^^^^^  lntelligence. 

dominant^positions  in  the  areas  o^computer  softwaro  # 

SSSSt^n-S  dfit!Cit  ifthenVssible  to  gradually  realise 
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homing  guidance  to 
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a  conversion  of  space  combat  weapon 
intelligence . 
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